Salmonella enterica subsp. enterica serovar 4, [5] ,12:i:− is a monophasic variant of S. enterica serovar Typhimurium (antigenic formula 4, [5],12:i:1,2 Salmonella enterica subsp. enterica serovar Typhimurium is a ubiquitous serovar that usually induces gastroenteritis in a broad range of unrelated host species. Following the White-Kauffmann-Le Minor scheme, the seroformula for S. enterica serovar Typhimurium is 4, [5] ,12:i:1,2 (14). Salmonella serotyping is based on antigenic variability of lipopolysaccharides (O antigen) and flagellar proteins (H1 and H2 antigens).
the prevalence of Salmonella in slaughter-age pigs in 2006 to 2007 revealed that the monophasic serovar was isolated from pigs in 9 of 25 participating member states (12) . At the EU level, S. enterica serovar 4, [5] ,12:i:− was the fourth most prevalent serovar in slaughter-age pigs. In Germany it was the second most prevalent serovar after S. enterica serovar Typhimurium (12) . Between 1999 and 2008 the proportion of S. enterica serovar 4, [5] ,12:i:− isolates among all S. enterica isolates received by the German National Reference Laboratory for Salmonella increased from 0.1% to 8.3% (305 isolates in 2008), with the most remarkable increase between 2006 and 2007. Most of these strains (48% on average between 2006 and 2008) were isolated from pigs, followed by cattle (13%), poultry (5%), and other isolates sporadically found in the environment, wildlife, and reptiles. Remarkably, the annual proportion of the monophasic serovar among all S. enterica serovar 4, [5] ,12:i:− and S. enterica serovar Typhimurium isolates increased from 0.3% to 32.7% in the same decade. Interestingly, the number of S. enterica serovar 4, [5] ,12:i:− strains isolated from humans and sent on voluntary basis to the National Reference Centre for Salmonella and other Enterics increased from 0.1% in 1999 to 14.0% (456 isolates) in 2008. Likewise, the proportion of the monophasic serovar among all S. enterica serovar 4, [5] ,12:i:− and S. enterica serovar Typhimurium isolates increased from 0.3% to 42.8% in the same time because of declining numbers of S. enterica serovar Typhimurium isolates.
In the present study a collection of S. enterica serovar 4, [5] ,12:i:− strains isolated from pigs, pork, and humans in Germany during the years 2006 and 2007 was examined using phenotypic and molecular methods. The aim of the analyses was to gain a better understanding of the clonality of the serovar and of the ability of its subtypes to be transmitted to humans via pigs and pork. Additionally, the genetic relatedness as well as the pathogenicity and antimicrobial resistance gene repertoire of S. enterica serovar 4, [5] ,12:i:− was compared with selected S. enterica serovar Typhimurium strains representing corresponding phage types in order to estimate the potential health risk for humans.
Materials and Methods

Selection of strains.
Fifty-two S. enterica serovar 4, [5] ,12:i:− strains were isolated from porcine lymph nodes during an EU monitoring study in 2006 and 2007 on the prevalence of Salmonella in slaughter-age pigs (3) . Lymph nodes were selected because they are a marker of asymptomatic intestinal carriage, and crosscontamination is strongly reduced compared to samples from carcass swabs. In addition, 30 monophasic strains isolated from pork in the same time frame were selected and sent to the National Reference Laboratory for Salmonella (NRL-BFR), Berlin, Germany, on a routine basis. Moreover, 66 clinical strains from epidemiologically unrelated human gastroenteritis cases, also isolated in 2006 and 2007 and provided by the National Reference Centre for Salmonella and other Enterics (NRZ-RKI), Wernigerode, Germany, were included in the study (Table (Table1).1). Strains were selected to represent various geographical origins in Germany as well as to cover different seasons. A subset of 61 S. enterica serovar 4, [5] ,12:i:− strains representing a maximum of different combinations of phage types, resistance, multilocus variable-number tandem repeat (VNTR) assay (MLVA) results, and pulsed-field gel electrophoresis (PFGE) profiles were further selected for microarray analysis (Table  (Table22 ) . For genotypic comparison of the monophasic S. enterica serovar 4, [5] ,12:i:−, an additional 20 S. enterica serovar Typhimurium strains (10 from pig and 10 from human) were selected to provide coverage for the corresponding phage types (6 DT193, 11 DT120, 1 RDNC [for reaction did not conform to definite or provisional types], 1 DT104, and 1 DT029 phage type strains) or tetraresistance pattern of ampicillin, sulfamethoxazole, streptomycin, and tetracycline (AMP-SMX-STR-TET, respectively) as found among the S. enterica serovar 4, [5] ,12:i:− strains. S. enterica serovar Typhimurium strains from pig were also obtained from the EU monitoring study in 2006 and 2007. S. enterica serovar Typhimurium strains from human were isolated from gastroenteritis cases and sent to NRZ-RKI.
Serotyping.
All strains were previously serotyped according to the White-Kauffmann-Le Minor scheme (14) by slide agglutination with O and H antigen-specific sera (Sifin Diagnostics, Berlin, Germany).
Antimicrobial susceptibility testing.
Antimicrobial susceptibility of strains was tested against 17 antimicrobials or antimicrobial combinations by determining the MIC using the CLSI broth microdilution method (6) in combination with the semiautomatic Sensititre system (TREK Diagnostic Systems, Cleveland, OH). Breakpoints were applied as previously described (22) . Antimicrobials tested were amoxicillin-clavulanic acid (AMC), AMP, chloramphenicol (CHL), ciprofloxacin (CIP), colistin (COL), florfenicol (FLO), gentamicin (GEN), kanamycin (KAN), neomycin (NEO), nalidixic acid (NAL), spectinomycin (SPE), STR, SMX, trimethoprim-sulfamethoxazole (SXT), TET, trimethoprim (TMP), and ceftiofur (XNL).
Phage typing.
Phage typing was performed according to the phage typing scheme developed by Callow (4) and extended by Anderson et al. (2) . Phage patterns not included in the scheme are designated RDNC.
DNA purification.
Strains were grown aerobically in Luria-Bertani broth (Merck, Darmstadt, Germany) with shaking at 38°C for 16 to 18 h. DNA isolation was carried out using a DNeasy Blood and Tissue Kit (Qiagen GmbH, Germany) according to the manufacturer's protocol with the addition of 25 μl of proteinase K instead of 20 μl and extended lysis for 3.5 h. The quality and quantity of DNA were measured spectrophotometrically, and a minimum of 4 μg of high-quality DNA was used for labeling.
PCR.
All phenotypically monophasic S. enterica serovar 4, [5] ,12:i:− strains were tested by multiplex PCR with specific oligonucleotides for the presence of the antigenic genes rfbJ (O:4 antigen), fliC (H:i antigen), and fljB (H:1,2 antigen) according to Lim et al. (17) . Another PCR using oligonucleotides Fsa2 and rFsa2 resulting in a product of 1,478 bp was also used in order to detect almost the entire DNA sequence of the fljB gene (7).
Plasmid analysis.
Plasmid DNA was extracted by an alkaline denaturation method described previously (15a), with minor modifications. Following extraction, plasmids were electrophoretically separated in horizontal 0.9% agarose gels at 100 V for 3.5 h in Tris-borate-EDTA buffer. For the determination of plasmid sizes the Escherichia coli reference plasmids R27 (112 MDa), R1 (62 MDa), RP4 (36 MDa), and ColE1 (4.2 MDa) and a supercoiled DNA ladder (Invitrogen Life Technologies, Karlsruhe, Germany) were included. The plasmids were stained with an aqueous solution of ethidium bromide (10 μg/ml; Sigma, Deisenhofen, Germany) and imaged under UV illumination.
Multilocus variable-number tandem-repeat analysis.
MLVA using an ABI 310 Genetic Analyzer and VNTR allele number assignment was performed as described by Lindstedt et al. (18) .
Pulsed-field gel electrophoresis.
PFGE was carried out after digestion of genomic DNA with the restriction enzyme XbaI according to the PulseNet protocol (21) . Gel images were analyzed in BioNumerics, version 5.1 (Applied Maths, Sint-Martens-Latem, Belgium), and compared by cluster analysis using the Dice coefficient and unweighted pair group method with arithmetic mean (UPGMA) with a position tolerance of 1.5% and optimization of 1.0%.
DNA microarray analysis.
The DNA microarray used in this study was as previously described (15) . A set of 275 gene-specific 57-to 60-mer oligonucleotide probes derived from Salmonella sequences deposited in the GenBank at NCBI (http://www.ncbi.nlm.nih.gov/) were designed using the program Array Designer, version 4.1 (Premier Biosoft, Palo Alto, CA). The probes were assigned to seven different marker groups depending on the functionality of the corresponding gene sequence (number of probes): pathogenicity (80), resistance (49), serotyping (33), fimbriae (22) , DNA mobility (57), metabolism (21) , and prophages (13) . In addition, three 57-to 61-mer oligonucleotides derived from the Arabidopsis thaliana genes RCA (M86720), RCP1 (NM_12175), and PRKASE (X58149) were designed as negative-control probes. Virulence determinants for each strain analyzed were categorized according to their locations on the Salmonella genome: Salmonella pathogenicity islands (SPIs), prophages, plasmid, islets, and fimbrial clusters. Microarray signals, which were assigned as "uncertain" by microarray analysis, were reanalyzed by PCR using primers as previously described (15) . Following PCR testing, an individual decision was made for the presence or absence of this target. Analysis of the DNA microarray data was performed as previously described (15) . A comparison between strains was done in BioNumerics, version 5.1, after importing data, gene present or absent, as the character type.
Statistical methods.
To assess the discriminatory power of phage type, PFGE, and MLVA, Simpson's index of diversity (ID) and the 95% confidence intervals (CI) were calculated using the Comparing Partitions website (http://darwin.phyloviz.net/ComparingPartitions/index.php?link=Tool ).
Results
Phenotypic characteristics of S. enterica serovar 4,[5],12:i:−.
Seventy percent (104 strains) of the 148 selected monophasic Salmonella strains expressed the O:5 antigen (S. enterica serovar 4,5,12:i:−) while for 30% the O:5 antigen was serologically undetectable (S. enterica serovar 4,12:i:−). The O:5 antigen-negative strains were found at 35% prevalence in isolates from primary production (lymph nodes) and pork and with a 24% prevalence in isolates of human origin. Phage typing revealed that 70% (104) of the strains were assigned as DT193, and 19% (28) were assigned as DT120. A smaller proportion was tested as RDNC (4%) or was not typeable ([NT] 5%). Only 2% of the strains belonged to other phage types (Table (Table3). 3). The Simpson's index of diversity for phage typing was 47.8 (95% CI, 39.2 to 56.5). No statistically significant difference (P < 0.05) was found between phage types and the source of strains.
Twenty-seven different antimicrobial resistance profiles were identified, with 90% (133) of the strains resistant to more than one antimicrobial and 81% (120) resistant to four or more antimicrobials. The predominant resistance pattern observed was the combination of ampicillin, sulfamethoxazole, streptomycin, and tetracycline (AMP-SMX-STR-TET). This pattern of resistance was observed in 65% (96) of the strains and approximately equally distributed among isolates from primary production, meat, and human origin (Table (Table4).4). Sixteen percent of the strains were resistant to other antimicrobials in addition to the tetraresistance group.
Typing of S. enterica serovar 4,[5],12:i:− by pulsed-field gel electrophoresis (PFGE).
Among the 148 S. enterica serovar 4, [5] ,12:i:− strains, 44 different XbaI profiles (ID, 85.4 [95% CI, 80.1 to 90.8]) were identified ( Fig. (Fig.1) .1). The 20 S. enterica serovar Typhimurium strains selected for genotypic comparison revealed 13 different XbaI profiles (Fig. (Fig.1 ).1). Three profiles (X01, X05, and X11) were found in both serovars. The profiles were used to generate a UPGMA tree using the Dice similarity coefficient. The tree distinguished the strains into five PFGE clusters (A, B, C, D, and E) ( Fig. (Fig.1 ).1). Sixty-eight percent of the monophasic strains (100 out of 148) belonged to cluster B, dominated by phage type DT193 strains (96 out of 100). The most prevalent PFGE profile was X31, which corresponds to STYMXB.0131 (designation according to PulseNet Europe). It was observed in 36% (54 strains) of all monophasic strains analyzed. No statistically significant difference (P < 0.05) was found in cluster B for the source of strains. (10 different alleles). For locus STTR9, the allele number 2 was observed in all but two strains, and locus STTR10pl located on the Salmonella virulence plasmid was absent in all but three strains. The most prominent combination of alleles was 2-6-4-0-2 (order of loci, STTR9-STTR5-STTR6-STTR10pl-STTR3) which was found in 20% of the S. enterica serovar 4, [5] ,12:i:− strains tested. Statistically significant differences (P < 0.05) were calculated for MLVA profile 2-6-4-0-2 between isolates from pork and human as well as for profile 2-7-5-0-2 between isolates from pork and both primary production and human.
Typing of
Characterization of clonal lineages in S. enterica serovar 4,[5],12:i:−.
The most prominent combination of phenotypic characteristics was that 74 of the 103 O:5 antigenpositive strains belonged to phage type DT193. Among these strains 77% (57 strains) harbored the most prevalent tetraresistance pattern AMP-SMX-STR-TET, and 84% of these (48 strains) also corresponded to the most frequently found PFGE cluster B. These characteristics were united in 32% of the 148 strains selected. Further discrimination of the 48 strains by MLVA revealed 15 different MLVA profiles, with 50% of the strains assigned to the combined MLVA profile 2-X-4-0-2 (X represents five various STTR5 alleles). These isolates were obtained from primary production, pork, and human samples.
For the second-most-prevalent phage type DT120 (28 strains), 57% (16 strains) of the DT120 strains also demonstrated AMP-SMX-STR-TET tetraresistance. Interestingly, eight tetraresistant strains and another eight multiresistant phage type DT120 strains were positive by PCR for the second-phase flagellum gene fljB_1,2 although phenotypically the H1,2 antigen was repeatedly not detected. In contrast to the phage type DT193 strains, nearly all phage type DT120 strains belonged to PFGE cluster A, with further discrimination into 10 different MLVA profiles and a maximum of three strains belonging to one pattern. Similarly to phage type DT193, isolates originated again from pigs, pork, and humans.
Determination of pathogenicity gene repertoire in S. enterica serovar 4,[5],12:i:−.
For 57 of the 61 strains tested (Table (Table2) ,2), an identical virulence gene profile was observed with all probes positive for Salmonella pathogenicity islands SPI1 to SPI5 and probes negative for SPI7. Additionally, genes for Gifsy-1 (gipA and gogB) and Gifsy-2 (gtgA, sodC1, and sseI) prophage were present while sspH1 (encoding a Salmonella-secreted protein) located in Gifsy-3 and sodCIII (encoding putative Cu/Zn superoxide dismutase) located in Fels-1 were absent. Also other genes (hldD_DT104, irsA, and sopE1) harbored by prophages were absent (data not shown).
Four strains shared a different pathogenicity gene profile. Three genes associated with the Salmonella virulence plasmid pSLT (spvC, spvR, and rck) gave positive signals but the fimbrial gene pefA usually harbored by the plasmid was absent. One of the three isolates (isolate 08-03972; phage type DT120) harbored hldD typically on a prophage in S. enterica serovar Typhimurium phage type DT104 as well as sopE1 (prophage-encoded effector protein). The same strain lacked gipA (encoding the Peyer's patch-specific virulence factor GipA), which was also absent in another of the three isolates (isolate 07-02781; phage type DT193). The fourth, nontypeable phage type isolate (06-04115) lacked the pipA and pipD genes present on SPI5. The three genes fljA, fljB_1,x (where x represents various antigenic markers), and hin consecutively ordered on the Salmonella chromosome encode the structural gene (fljB) and are important for phase variation (fljA and hin) of the second-phase flagellum antigen. Five combinations for these markers were found within the test set of S. enterica serovar 4, [5] ,12:i:− isolates. Of 61 strains, 42 were negative when tested with the three probes for fljA, fljB_1,x, and hin. Three isolates harbored only fljA while three were positive only for hin. Of the remaining 13 serologically monophasic strains, four possessed genes for fljA and fljB_1,x but were negative for hin while nine isolates were positive for all three genes. All 13 strains were positive for a specific fljB_1,2 DNA fragment. Additional PCRs to amplify the complete fljB revealed seven positive results, of which six gave the expected DNA fragment size of 1,478 bp, while for one strain (07-00711) a fragment larger than 2 kb was amplified. The majority of strains showing variation within this region belonged to phage type DT120 or other rare phage types (e.g., DT7 or DT59).
Determination of the antimicrobial resistance determinant repertoire.
Twenty-two different genotypic resistance combinations were found within the 61 test strains of S. enterica serovar 4, [5] ,12:i:− analyzed (Fig. (Fig.2) .2). Nine additional genotypic combinations were identified in the 20 S. enterica serovar Typhimurium strains that were selected for genetic relatedness studies (see below). Generally, the antimicrobial phenotype corresponded with the antimicrobial genotype with two exceptions. Strains 07-03017 (phage type NT) and 07-01536 (phage type DT193) were negative for floR although phenotypically conferring resistance to florfenicol and chloramphenicol. The main phenotypic tetraresistance pattern AMP-SMX-STR-TET was encoded by genes bla TEM1-like (encoding ß-lactamase), sul2 (encoding dihydropteroate synthase), strA-strB (encoding aminoglycoside phosphotransferase), and tet(B) (encoding an efflux pump), respectively. The genetic relatedness of S. enterica serovar 4, [5] ,12:i:− and S. enterica serovar Typhimurium strains was determined by MLVA, PFGE, and DNA microarray. For the comparative studies 20 S. enterica serovar Typhimurium strains isolated from humans and pigs were selected. Of the 20 isolates selected, 30% were assigned to phage type DT193, 55% to DT120, 5% to RDNC, and 10% to other phage types. The isolates belonged to eight different phenotypic resistance profiles including the tetraresistance AMP-SMX-STR-TET profile in 50% of the strains. In MLVA 14 different allele combinations were found in the 20 S. enterica serovar Typhimurium strains, with the most prominent combination 2-5-20-0-2 in 25% of the strains belonging to phage type DT120. This combination was found only in one (phage type DT120) of the 148 S. enterica serovar 4, [5] ,12:i:− strains tested. In both serovars VNTR loci STTR3 and STTR9 were mainly assigned to allele number 2. Only one of the phage type DT120 strains of both serovars was positive for the VNTR locus STTR10pl typically located on the pSLT plasmid. Seventy percent (14/20) of the S. enterica serovar Typhimurium strains were grouped to PFGE cluster A. The majority of these strains (79%) belonged to phage type DT120. The remaining 30% of the S. enterica serovar Typhimurium isolates were assigned to cluster D and belonged mainly to DT193.
Twenty-seven of the 61 S. enterica serovar 4, [5] ,12:i:− strains analyzed harbored at least one plasmid ranging between 110 kb and <2 kb (Table (Table2).2). Of these, only three strains were also positive for the spvC, spvR, and rck genes typically located on the Salmonella virulence plasmid pSLT. In comparison, only two S. enterica serovar Typhimurium strains harbored no plasmid while most strains revealed one (nine strains), two (five strains), or four plasmids (four strains). Although plasmids of 91-kb size (virulence plasmid size of S. enterica serovar Typhimurium strain LT2, 94 kb) that were positive for spvC, spvR, and rck were found in four phage type DT193 strains, the plasmid-associated pef gene and MLVA VNTR locus STTR10pl were not identified, indicating a possible variant of the virulence plasmid.
The pathogenicity gene repertoire analyzed by DNA microarray in 14 out of the 20 S. enterica serovar Typhimurium strains was identical to the pattern of virulence determinants found in the S. enterica serovar 4, [5] ,12:i:− strains. Additionally four other strains shared the virulence genes spvC, spvR, and rck harbored on the plasmid Furthermore, one of the four strains was negative for the gipA gene. One strain (06-04998) was positive for spvC but negative for rck and gipA. Another strain (07-02186; phage type DT193) was positive for sopE1 (phage-encoded effector protein) and lacked gipA and gogB. All S. enterica serovar Typhimurium and S. enterica serovar 4, [5] ,12:i:− strains shared the same set of fimbrial genes.
The resistance gene repertoire often differed between both serovars despite the identical phenotypic profiles including tetraresistance (AMP-SMX-STR-TET). In S. enterica serovar Typhimurium phage type DT193 strains (five out of six), tetracycline resistance was encoded by tet(A) instead of tet(B) as detected in S. enterica serovar 4, [5] ,12:i:− phage type DT193 strains. Sulfamethoxazole resistance was sometimes additionally encoded by the gene sul1 in addition to sul2. Ampicillin resistance was uniquely encoded by bla TEM1-like , and streptomycin was mainly encoded by strA-strB but sometimes in combination with aadA1.
Discussion
S. enterica serovar 4, [5] ,12:i:− is a worldwide emerging monophasic serovar (24) . In Europe, especially, pork and its products contaminated with this serovar were identified as sources for human Salmonella infections (8, 10, 19) . Several studies indicated that the serovar is a monophasic variant of S. enterica serovar Typhimurium lacking a genomic region that harbors the structural and regulating genes fljA, fljB, and hin encoding the second-phase flagellum (1, 8, 11, 13, 23) .
The studies reported here support the observation that S. enterica serovar 4, [5] ,12:i:− is an emerging hazard for humans and that this hazard is directly linked to the consumption of contaminated pork. A substantial number of strains isolated from pig, pork, and human were extensively characterized to understand the clonality, resistance patterns, and pathogenicity gene repertoire, and their genetic relatedness to the classical biphasic S. enterica serovar Typhimurium was studied. This is the first study which comprehensively compares S. enterica serovar 4, [5] ,12:i:− isolates obtained from the food chain and from clinical cases of gastroenteritis in human.
A main lineage of S. enterica serovar 4, [5] ,12:i:− was identified in the isolates which primarily belonged to phage type DT193 and exhibited at least the tetraresistance pattern AMP-SMX-STR-TET encoded by bla TEM1-like , sul2, strA-strB, and tet(B), respectively. The second independently evolved lineage was phage type DT120. It was striking that 57% of the phenotypically monophasic phage type DT120 strains were positive by PCR for fljB_1,2, fljA, and hin. Furthermore, the DT193 and DT120 strains investigated revealed a number of other different genetic properties, e.g., different clustering by PFGE and MLVA. This indicates that in Germany monophasic phage type DT120 strains have formed an additional clonal lineage different from that of phage type DT193 strains. However, further studies are required to elucidate if the monophasic phage type DT120 lineage occurs also in other European countries or worldwide. Independent of their phage type, approximately 30% of the strains investigated did not express the O:5 antigen although the antigen-encoding gene oafA was present in their genomes. Preliminary experiments showed that a small 7-bp deletion or an interruption by an insertion (IS) element within the oafA open reading frame was responsible for the abolition of the O:5 antigen expression in these strains (E. Hauser et al., unpublished data). The lack of the O:5 antigen did not correlate with the source of the isolates.
An outbreak of human gastroenteritis associated with consumption of pork products in Luxembourg was found to be caused by S. enterica serovar 4, [5] ,12:i:− phage type DT193 with the tetraresistance pattern and the PFGE profile STYMXB.0131 (18) . This was also the most prominent PFGE profile for the phage type DT193 strains in this study. It may be that an expansion of this clonal lineage has begun within Europe. However, no reliable data confirming this hypothesis have been published from other European countries; this is likely to be because of the lack of subtyping data for this monophasic serovar. Identical traits were found in isolates from pigs, pork, and humans. Consequently, the serovar is able to transmit via the food chain to humans. Isolates from feeding stuff were not received at the NRL-BFR before 2007. The role feeding stuff may play in dissemination remains to be elucidated.
Previous studies from Spain revealed that monophasic phage type U302 strains were isolated mainly from pigs (8) . In these studies U302 strains exhibited resistance to chloramphenicol (CHL) in addition to the tetraresistance within the phage type DT193 strains. An Italian study of S. enterica serovar 4, [5] ,12:i:− strains from humans indicated that the tetraresistance of S. enterica serovar 4, [5] ,12:i:− was associated with phage type U302 and nontypeable strains (9) . Therefore, the DT193 strains from Germany probably originated from a different clonal lineage than the Spanish U302 strains. The difference in phage types reported in Spain and Italy from those reported in Germany indicates a change within the last years in the subtype of S. enterica serovar 4, [5] ,12:i:− spreading throughout Europe because currently phage type DT193 is much more frequently observed than the phage type U302 initially observed in Spain. A recent study comparing Spanish and U.S. isolates identified also at least two clonal lines in S. enterica serovar 4, [5] ,12:i:− (23). They differ in a deletion surrounding fljAB. However, the German isolates investigated here represent yet another clonal lineage compared to the U.S. isolates because those were mainly pan-susceptible and represented by other PFGE profiles, as described in this study.
In 42 S. enterica serovar 4, [5] ,12:i:− strains tested by microarray, a chromosomal deletion including hin, fljB, and fljA was responsible for the monophasic phenotype. This deletion was previously described in association with the Spanish monophasic phage type U302 strain, where 16 genes were implicated (13) . Furthermore, several variants of partial deletions within this region were detected, including partial or complete deletion of fljB or a possible deletion of fljA and fljB, although hin was still found to be present (23, 26) . In the U.S. isolates a major region containing 76 genes was deleted, but the hin gene at the 3′ end of the deletion was present, which was not the case in the Spanish isolates (23) . These and new variants were detected in this study, e.g., isolates with only fljA, only hin, or an insert in fljB. These data clearly indicate that within this region of the S. enterica serovar Typhimurium genome, multiple independent deletions can occur, leading to phenotypically monophasic S. enterica serovar 4, (8) . Similar conclusions were outlined during investigations on isolates from Thailand (1). DNA microarray-based analyses comparing almost all protein coding regions of S. enterica serovar Typhimurium strain LT2 (genome sequenced) with those of S. enterica serovar 4, [5] ,12:i:− U302 found only a few differences (13) . Both serovars can also share the same multilocus sequence type (23) . In this study a comparison of 102 virulence determinants using a comprehensive set of strains clearly showed the close, almost identical, pathogenicity gene repertoire, independently of whether the strains belonged to the monophasic or biphasic S. enterica serovar Typhimurium. All markers indicating fimbrial clusters occurring in S. enterica serovar Typhimurium were also positive in S. enterica serovar 4, [5] ,12:i:−. It has been previously shown that fimbrial clusters are conserved within a serovar (15, 20) . Nevertheless, there were some interesting genetic differences between phage type DT193 isolates of both serovars. Tetracycline resistance was encoded mainly by tet(B) in DT193 S. enterica serovar 4, [5] ,12:i:− strains, whereas it was encoded by tet(A) in DT193 S. enterica serovar Typhimurium strains. Additionally, the strains clustered in different PFGE clades. Such differences indicate that the S. enterica serovar Typhimurium phage type DT193 lineage is not a direct ancestor of the monophasic phage type DT193. In contrast, S. enterica serovar 4, [5] ,12:i:− phage type DT120 strains showed more genetic congruence with the S. enterica serovar Typhimurium phage type DT120 strains, suggesting that this biphasic subtype is the recent common ancestor of the monophasic variant.
In conclusion, the typing of isolates received at both German national reference laboratories (NRL-BFR and NRZ-RKI) based on a routine diagnostic indicates that S. enterica serovar 4, [5] ,12:i:− is a continually emerging pathogen in Germany. Molecular analyses showed that the same genotypes can be isolated from pigs, pork, and humans. Two main lineages are currently spreading in pigs and humans which are characterized by phage type DT193 and DT120, respectively. Both exhibited tetraresistance to AMP, SMX, STR, and TET. Due to the close genetic relatedness to S. enterica serovar Typhimurium, in particular with respect to the pathogenicity gene repertoire, the ongoing control measure programs to eradicate S. enterica serovar Typhimurium in food-producing animals will have to include the monophasic variant, too. 
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